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This course introduces to students the basic structure, principle and working characteristics of common and cutting-edge
actuators in robotics, including electromagnetic motor, soft pneumatic actuator, hydraulic driver, piezoelectric motor,

electrostatic actuator, shape memory alloy, ion-exchange polymer metal composite (IPMC) and dielectric elastomer, etc.
This course committed to educating students with knowledge of the driving technologies mentioned above, to design and

analyse basic actuators, to further master the calculation methods of the key parameters of common actuators, and

finally, to select the appropriate actuators in the process of robot design. This course also aims to foster the capability of
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innovation and academic writing and presentation, by develop new actuators from the basic principles.
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Students are expected to achieve the following goals after finishing this course:

1.

7.

Understand the basic structure of different types of actuators introduced;

Comprehend the basic principle and working characteristics of different types of actuators;

Master the basic equations of different types of electromagnetic motors in the working conditions;

Master the analytical calculation methods of different types of actuators;

Be capable of selecting the appropriate actuators independently.

Academic writing and presentation capability

Innovation capability
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if

this is a team teaching or module course.)
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o Development of different types of actuators

e Application scenario of different types of actuators

e Syllabus, including course type, assignment and
main contents of the course
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Yist, TRAREBNZIERSFE
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Understand the historical
background and application
scenarios of different types of
actuators, and the learning
objectives and main contents of this
course
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e  Principles of electrostatic actuators

o Key design parameters of electrostatic actuators
e Fabrication of electrostatic actuators

e Application scenario of electrostatic actuators
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Understand the basic principles of
electrostatic actuators and its key
design parameters, familiar with the
fabrication and application of
electrostatic actuators
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Classification of shape memory alloys (SMA)
Principles and materials of shape memory alloys

Principles and materials of shape memory polymers
(SMP)

e Application scenario of SMA and SMP
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Understand the classification and
materials of SMA and SMP, familiar
with the principles and application
scenario of SMA and SMP
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Understand the basic principles and
applications of hydraulic and
pneumatic driving, familiar with the
principles of hydraulic pump and air
pump, master the basic concepts of
hydrodynamics and gas Kinetics,
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Basic principles of hydraulic and pneumatic
actuators

Basic concepts of hydrodynamics and gas kinetics

Common components for hydraulic and pneumatic
driving

Principles of hydraulic pump and air pump

Applications of hydraulic and pneumatic driving

and selection methods for common
components of hydraulic and
pneumatic driving
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Piezoelectric effect

Common piezoelectric materials

Key design parameters of piezoelectric actuators

Application scenario of piezoelectric actuators
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Learn about the common
piezoelectric materials, the key
design parameters of piezoelectric
actuators, familiar with the
piezoelectric effect and application
scenario of piezoelectric actuators
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Principles of ion-exchange polymer metal
composite (IPMC)

Application scenario of IPMC

Fabrication of IPMC

Principle of dielectric elastomer actuators (DEA)
Application scenario of DEA

Fabrication of DEA
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Understand the fabrication of IPMC,
familiar with the principles and
application of IPMC

Understand the fabrication of DEA,
familiar with the principles and
application scenario of DEA
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Understand the basic concepts of
magnetic circuits, familiar with the
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Introduction to magnetic circuits

Flux linkage, inductance, and energy
Properties of magnetic materials

Application of permanent magnet materials

properties of magnetic materials
and application of permanent
magnet materials, master the
calculation methods of flux linkage,
inductance, and energy
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Introduction to transformers

Effect of secondary current and ideal transformer
Transformer reactance and equivalent circuits
Engineering aspects of transformer analysis
Autotransformers and multiwinding transformers

Transformers in three-phase circuits

Voltage and current transformers
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Understand engineering aspects of
transformer analysis, and
autotransformers and multiwinding
transformers, familiar with the basic
concepts of transformers, effect of
secondary current and ideal
transformer, transformer reactance
and equivalent circuits,
transformers in three-phase circuits,
and voltage and current
transformers
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Forces and torques in magnetic field systems
Energy balance

Energy in singly-excited magnetic field systems

Determination of magnetic force and torque from
energy
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Familiar with determination of
magnetic force and torque from
energy, and determination of
magnetic force and torque from
coenergy, master forces and
torques in magnetic field systems,
energy balance, and energy in
singly-excited magnetic field
systems




Determination of magnetic force and torque from
coenergy
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Introduction to AC and DC motors
MMF of distributed windings
Magnetic fields in rotating motorry
Rotating MMF waves in AC motors
Generated voltage

Torque in Nonsalient-Pole motors

Linear motors
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Understand the basic concepts of
linear motors, familiar with the types
and properties of AC and DC
motors, and MMF of distributed
windings, rotating MMF waves in
AC motors, master magnetic fields
in rotating motorry, generated
voltage, and torque in
Nonsalient-Pole motors
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Experiments on electrostatic actuators
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Learn the skill to build an
electrostatic actuation system,
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Experiments on electrostatic actuators
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Learn the skill to build an
electrostatic actuation system,
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Experiments on shape memory alloy actuators
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Learn the skill to build an
electrostatic actuation system,
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Team innovation project

PR BB BT BN B B AR B AR
ey 1A

Learn to develop or apply novel
actuation techniques
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e Team innovation project conceptual design Learn to conceptual design
machines using novel actuation
. techniques
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e Team innovation project prototype fabrication FEHLID T
prototype fabrication to develop or
. apply novel actuation techniques
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e Team innovation project proof of concept PR %=
Learn to prove the protype using
. novel actuation techniques
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evaluation Test the prototype by developing or
. applying novel actuation techniques
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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be

directed to the course instructor.
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This course introduces to students the basic structure, principle and working characteristics of common and cutting-edge
actuators in robotics, from system perspective, including electromagnetic motor, soft pneumatic actuator, hydraulic driver,
piezoelectric motor, electrostatic actuator, shape memory alloy, ion-exchange polymer metal composite (IPMC) and
dielectric elastomer, etc, and the regular sensors and control methods. This course committed to educating students with
knowledge of the driving technologies mentioned above, to design and analyse basic actuators and their actuators and

control methods, to further master the calculation methods of the key parameters of common actuators, and finally, to

select the appropriate actuators in the process of robot design. This course also aims to foster the capability of innovation
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and academic writing and presentation, by develop new actuators from the basic principles.
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Students are expected to achieve the following goals after finishing this course:

Understand the basic structure of different types of actuators introduced;

Comprehend the basic principle and working characteristics of different types of actuators;

Master the basic equations of different types of electromagnetic motors in the working conditions;

Master the analytical calculation methods of different types of actuators;

Be capable of selecting the appropriate actuators independently.

Understand the method and principle of sensing and controlling for actuation system.

Academic writing and presentation capability

Innovation capability
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if

this is a team teaching or module course.)
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e Development of different types of actuators
e Application scenario of different types of actuators
e Syllabus, including course type, assignment and main
contents of the course
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Understand the basic concepts of
o RGN magnetic circuits, familiar with 4
the properties of magnetic
e Introduction to magnetic circuits materials and application of
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transformer analysis, and
autotransformers and multiwinding
transformers, familiar with the
basic concepts of transformers,
effect of secondary current and
ideal transformer, transformer
reactance and equivalent
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Introduction to transformers

Effect of secondary current and ideal transformer
Transformer reactance and equivalent circuits
Engineering aspects of transformer analysis
Autotransformers and multiwinding transformers

Transformers in three—phase circuits

Voltage and current transformers

circuits, transformers in
three—phase circuits, and voltage

and current transformers

i 2 G ) J A F0 5

AR

BRI RS F G [ e

Hfik BE A 52 B3 ) R 3

HITEI & RER E HLTE ) G S

Forces and torques in magnetic field systems
Energy balance

Energy in singly-excited magnetic field systems

Determination of magnetic force and torque from energy

Determination of magnetic force and torque from coenergy
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Familiar with determination of
magnetic force and torque from
and determination of
magnetic force and torque from
master forces and

energy,

coenergy,
torques in magnetic field systems,
energy balance, and energy in
singly—excited magnetic field
systems
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Control methods for motors

Control modelling for motors
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Familiar with the modelling
methods and control methods for
the motors
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Review of the categories of robotics sensing

Principle and mechanism of primary sensing methods The

key parameters of sensors
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Understand the categories of the
robotics sensing, the principle
and mechanism of primary sensing
methods
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Understand the Static
characteristics of the sensors and
dynamic characteristics of the
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dynamic characteristics of the sensors

Sensors
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Basic principles of hydraulic and pneumatic actuators
Basic concepts of hydrodynamics and gas kinetics
Common components for hydraulic and pneumatic driving

Principles of hydraulic pump and air pump

Applications of hydraulic and pneumatic driving
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Understand the basic principles
and applications of hydraulic and
pneumatic driving, familiar with
the principles of hydraulic pump
and air pump, master the basic
concepts of hydrodynamics and gas
kinetics,
for common components of hydraulic
and pneumatic driving

and selection methods
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Principles of electrostatic actuators

Key design parameters of electrostatic actuators
Fabrication of electrostatic actuators

Application scenario of electrostatic actuators
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Understand the basic principles of
electrostatic actuators and its
key design parameters, familiar
with the fabrication and
application of electrostatic
actuators
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Classification of shape memory alloys (SMA)
Principles and materials of shape memory alloys

Principles and materials of shape memory polymers (SMP)
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Understand the classification and
materials of SMA and SMP, familiar
with the principles and
application scenario of SMA and
SMP




Application scenario of SMA and SMP
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Piezoelectric effect

Common piezoelectric materials

Key design parameters of piezoelectric actuators

Application scenario of piezoelectric actuators
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Learn about the common
piezoelectric materials, the key
design parameters of
piezoelectric actuators, familiar
with the piezoelectric effect and
application scenario of
piezoelectric actuators
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Principles of ion—exchange polymer metal composite
(IPMC)

Application scenario of IPMC

Fabrication of IPMC

Principle of dielectric elastomer actuators (DEA)
Application scenario of DEA

Fabrication of DEA
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Understand the fabrication of
IPMC, familiar with the principles
and application of IPMC
Understand the fabrication of DEA,
familiar with the principles and
application scenario of DEA
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Reports
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Report the progress of the
projects
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Explore the motors have been used in the labs
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Learn the categories and
specifications of motor in
different applications

A Bk LA 1) S

Experiments on stepper motors

AR JE I, iR
2 LI ) T 32

Learn the principle and structure
of stepper motors, and master the
controlling methods of stepper
motors
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Learn the principle and structure
of stepper motors, and master the
controlling methods of stepper
motors
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e [xperiments on controlling
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Learn the controlling methods and
communication methods
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e [Experiments on electrostatic actuators
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Learn the skill to build an
electrostatic actuation system,
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e [Experiments on shape memory alloy actuators

e [PMC
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Learn the skill to build an
electrostatic actuation system,

o HFHLHENLINEN S

e [Experiments on electrostatic actuators
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Learn the skill to build an
electrostatic actuation system,

e Robotic system integrating actuators

Learn to build robotic system by
combining and controlling
multiple actuators
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e [inal Presentation
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Final presentation for innovation
projects
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